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The English " Eskers "—their Structure and
Distribution.

By J. W. GREGORY, D .SC, F.R.S.

fPHE terms " kame " and " esker " have been applied in England
-*- to various mounds and ridges of sand and gravel. For some,
such as those in South-east Essex * either name is inappropriate,
since they are not glacial deposits but are tide-formed banks of
shelly sand. Most of the described English kames and eskers are
clearly related to glacial formations, and their distribution and
structure throw light on the later stages of British glaciation.

The following terms are used in accordance with definitions
adopted in earlier papers 2 : (]) Drumlins, mounds of boulder clay ;
(2) Osar, fluvioglacial ridges deposited as receding river deltas and
typically with seasonal banding; (3) kames, ridges or mounds of
sand or gravel deposited by water on the margins of an ice sheet;
they include three varieties : (a) fluvioglacial ; (b) glacieluvial ;
(c) residual kames, those due to the denudation of thick banks of
glacial sand and gravel. Many residual ridges and mounds have
been described as kames, and some of them may be entitled to the
name as being due to an original thickening in a bed of gravel ;
but as it may be impossible to distinguish primary kames in an
advanced stage of denudation from the residues of beds of gravel
the application of the term kame to such cases is undesirable,
unless there is a strong probability of their formation as marginal
drift hills.

The term esker has been applied to all varieties of Irish hills of
glacial sands and gravels, and has been used for English drifts in
a similarly comprehensive non-genetic sense.

The following account of the English " eskers " is intended to
show which of them are osar and which are kames, and to consider
their distribution in reference to English glaciation.

I. NORTHUMBERLAND.

The kames of Northumberland may be divided into three groups.
The first group is in the N.W. part of the county near Coldstream,
and includes the kame at Wark Castle beside the Tweed and that
at Pallinsburn, X. of Flodden.

1. Wark and Pallinsburn.—The best-marked kame on the English
bank of the Tweed is that at Wark. It has been described by
P. Mearns.3

1 Holmes, Geol. in Field, 1909, p. 57.
2 Geogr. Journ., vol. xl, 1912, pp. 169-75 : Trans. Geol. Soc. Glasgow, vol. xiv,

1012, pp. 199-218; Phil. Trans., ser. B, vol. ccx, 1920, pp. 115-51; Scott.
Geogr. Mag., vol. xxxi, 1915, pp. 465-76.

3 Hist. Berwick. Field Club, v, 1886, pp. 224-31. Mem. Geol. Surv.,
110 S.W., 1895, pp. 76, 77 ; Geol. Assoc, Geol. in Field, 1910, p. 695.
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Tts geological history is best considered in connexion with the
Scottish kames, so only a brief statement regarding it is here made.
It is a fairly straight ridge, and of a total length of about 1,400 yards,
though broken by two considerable gaps ; the best preserved part
is about 400 yards long and extends from 8. of Douglas' Tomb on
the W. to the E. end of the village. The W. end is a low bank on

FIG. 1.—Distribution of Enslish Kame? and O.sar. J Osar. — Kames. The
shaded patches in W. Durham are area?, which, according to Dr. D'.verry-
house, were not ice-covered. '— • - - Carvill Lewis' line of terminal
moraine ; it U shown broken where his own later work showed that it
required modification The dotted line indicates the probable ice
margin in those districts. B.W., Bowmont Water. E., F.lsdon. K.Br.,
Kellet Bridge. T.., Llanrhystyd. R. Raskelf.

the S. side of the road ; the base of the kame gravel is seen at each
end of this bank, while in the middle is exposed the underlying
sandy boulder clay with many striated stones. The kame material
is best shown in the gravel-pit W. of the ruined Castle and in the
gap through the kame known as Gilly's Neck, 280 yards W. of the
Castle and just S. of Douglas' Tomb. The material is a sandy
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gravel with all the pebbles well water-worn. I saw no striated
stone in the main mass of the kame, but in the lowest layer, just
E. of Gilly's Neck, are some boulders with faint traces of striae.
The kame rises to the level of about 125 feet O.D. and about 60 feet
above the level of the Tweed. Mearns, who explains the kame as
due to " currents in a former sea " (op. cit., p. 231), describes the
beds as stratified ; but I saw no clear stratification, probably owing
to the sections being now old and obscure.

This kame is probably part of the wide sheet of sand and gravel
which to the S.E. and E. of Cornhill overlies the boulder clay and
occurs at about the same level as this kame. This sheet is mainly
derived by denudation from the boulder clay. The Wark kame is
a bank of this gravel deposited on the floor of a valley cut in the
boulder clay that filled the pre-glacial valley of the Tweed. The
kame was left by the erosion of the present Tweed valley and of the
dry branch of that valley between Wark and a high whale-backed
drumlin to the S.

Pallinsburn Knowe (N. of the Cornhill road and W. of the village)
has been described as a kame.1 The hill pointed out to me at the
village as the Knowe has the shape of a drumlin, and a section in
a road cutting just E. of a lodge, exposes loam with a few boulders,
and all of those examined were striated. At the time of my visit
the hill was covered by wheat, so I could not traverse it or examine
the gravel, which is described by Gunn 2 as well-rounded and coarse,
with patches of dirty sand and clay.

2. The Gravel Ridges of the Bowmont Water—a tributary to the
Glen Eiver (7 miles S.W. of Coldstream)—have been described as
forming conspicuous ridges.3

A long fish-b'ick-like ridge of drift lies in the narrow valley of
the Bowmont Water between Kilham and Kirknewton. The
material of this drift is exposed beside the road E. of Kilham in
a low ridge-like platform, of which the form is clearly due to denuda-
tion. The gravel is coarse and contains water-worn boulders ; no
striated stone was seen. This mass of drift appears to be a glacie-
hivial deposit that was laid down in front of the ice which filled the
Kilham basin ; the drift blocked up the outlet; a lake was formed,
-and its overflow excavated the gorge of the Bowmont Water and
cut the gravel into ridges parallel to the valley. The form of these
ridges is therefore secondary. Amongst the changes of river
direction in this district was the temporary separation of the
Bowmont Water from the Glen River by the formation of this
glacieluvial dam.

3. Coastal Series.—The Lucker or Bradford Kame, the best
developed kame in Northumberland, passes 2 miles W. of Bamburgh

1 F. M. Norman, Hist. Berwick. Field Club, x, pt. iii, 1884, pp. 440-2. Mem.
Gaol. 8urv.. 110 S.W., 1895, p. 74.

2 Mem. Geol, Sure., 110 S.W., p. 74.
3 Mem. Geol, Sun., 110 S.W., 1895, p. 78.
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Castle and 1 mile E. of Lucker Station. It has been frequently
mentioned or described.1 Its N. end is at Spindlestone Hill, whence
it extends S. beyond Newham Station ; but it is not continuous
throughout that length, for part of the hills along that line I regard
as drumlins of sandy boulder clay. The kame is well shown on the
road from Lucker Station to Bamburgh, and there lies at the W. foot
of a series of drumlins; from them it is separated by a moss that
represents an old pool, the overflow from which has cut a channel
through the kame, showing a section 40 yards wide and 20 feet high ;
the steeper side faces E. The kame is slightly sinuous. Its
material is a loamy gravel with angular, faceted pebbles and
boulders, on some of which glacial striae are distinct, though faint;
its clayey nature is shown by the burrows on the kame there being
those of moles, not of rabbits, which swarm on the sandy patches
of the neighbouring drumlins. S. of the road the kame trends
S.S.W. on a sinuous course, to the W. of the drumlin of Camp Hill,
and a gravel pit in the kame W. of that hill shows faceted pebbles
in loam. S.W. of Camp Hill, and separated from it by alluvium,
is Ell Hill, where there are many overgrown shallow gravel pits ;
in the lower part oi the deposits there boulders are scarce, but the
upper part is much coarser. A fair sample of the pebbles contained
Carboniferous limestone, 50 per cent; cherty limestone, 10 per
cent; Carboniferous sandstone, 18 per cent; red grit, 6 per cent;
basalt (the local whin), 10 per cent; dark-grey porphyrite, 2 per
cent; red andesite, 4 per cent. The, last two rocks have come from
the. W. from the Old Red Sandstone lavas near Wooler. S. of Ell
Hill the kame ends against a long drumlin of sandy boulder clay
that continues the line S. to Newham ; sections of the material—
a sandy loam free from pebbles and boulders—occur N. of Newham
on the road to Hen Hill. On the lower ground S. of Newham the
kame reappears and bends W. across the railway, S. of Newham
Station. The kame lies at a lower level than the adjacent drumlins,
which rise to the height of 195 feet at Golden Hill and 178 feet at
Camp Hill.

This Lucker Kame consists of a loamy and not a sandy gravel.
The sand used on the roads is brought from the seashore, which
suggests that none is known along the kame. The pebbles are
faceted. Tate 2 recorded striated boulders in the kame, and this
report is quoted in the Mem. Geol. Sun-., 110 S.E., p. 109, as if
unconfirmed. The presence of striated stones is also recorded by
Lebour and a well-glaciated cobble from Ell Hill (now placed in
the Hunterian Museum, Glasgow) confirms Tate's observation.
This ridge, from its loamy base, faceted and occasionally striated

1 Ramsay, Phys. Geol. England and Wales, 1894, 6th ed., p. 262 ; G. Tate,
Hist. Berwick. Field Club, v, 1866, p. 239 ; G. A. Lebour, Geol. Northumber-
land, 1886, p. 21 ; Geol. Anaoc., Geol. in Field, 1910, p. 695 ; Mem. Geol. Sun:,
110 S.E., 1900, pp. 108-9.

2 Hist. Berwick. Field Club, v, p. 239.
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stones, its irregular bedding and the nature of its longitudinal
variations may be classed as a glacieluvial kame. Its chief curves
are concave to the W. ; that fact and the frequency of former pools
between it and the drumlins to the E. indicate its formation along
the E. margin of ice which flowed from the W. and abutted against
the drumlins along the coast. According to Lebour (op. cit., p. 21)
this kame consists of " marine deposits ".

Buckland 1 has referred to the southern end of this kame at
North Charlton as a tortuous bank of gravel and as supposed to be
'• an inexplicable work of art ".

4. S. Northumberland.—H. Miller has remarked 2 the morainic
character of some kames near Elsdon and Harbottle in the valley
of the Coquet; they appear to consist of glacieluvial material.
Widespread fluvioglacial sands and gravels occur in S.E.
Northumberland ; some of them, as at Eachwich and Dissington
beside the Pont R., E. of Stamfordham, and those of the Newbiggin
and Blanch Burns, appear from the description of Dr. J. A. Smythe 3

to form original kames ; others form residual kames. Professor
Marr has reminded me of the ridged form of those near Corbridge.'

II. DURHAM.

Similar in origin to the Lucker Kame appear to be the kames
near the coast of Durham, including a circular mound of gravel at
Bettsrlaw and a group of deposits at Sheraton, 5 miles W. by N.
from Hartlepool. These deposits have been described by
Dr. Trechmann 5 and by Dr. Woolacott.6 The latter author gives
full references to the literature. He concludes that they are marginal
deposits along the W. margin of the Cheviot glacier, and are true
kames. Trechmann has found in one of them a Scandinavian
boulder—possibly derived from the North Sea boulder clay.

A kame has been identified at Durham by Carvill Lewis.7 It
has been re-examined by Dr. Trechmann and Dr. Woolacott, and
the former says H that in their opinion its form is due to post-glacial
fluvial erosion.

The formations described by Dwerryhouse ° as esker-like ridges
in the valleys of W. Durham, especially near Stainmoor and Lunedale
and in the valley of the Tees above Barnard Castle, probably also
owe their form to post-glacial denudation.

1 Proc. Geol. Soc, 1841, iii, p. 348.
. 2 Mem. Geol. Sun:, 108 S.E., 1887, pp. 108-110.

3 Trans. Nat. Hist. Soc. Northumberland, n.s. in, 1908, p. 83, and IV, 1910,
p. 95.

4 Cf. Lebour, op. cit., 1886, p. 25.
* Q.J.G.S., lxxi, 1915, pp. 73-7, pi. viii.
6 GEOL. MAG., Vol. LVIII, 1921, p. 28.
7 Glac. Geol. Gt. Brit,, 1894, p. 172.
8 Q.J.G.S.. lxxi, 1915, p. 76.
9 Q.J.G.S., lviii, 1902, p. 575.
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III. YORKSHIRE.

In Yorkshire esker-like formations are well developed at intervals
near Carvill Lewis' line showing the moraine which he considered
to mark the limits of the English land ice. In the Bingley-Ilkley-
Shipley area the eskers belong to two series, a low level series on the
floor of the Aire valley and a high level series on the moors between
the Aire and Wharfe valleys.

1. The Low Level Kames of the Aire Valley.—Some of the most
accessible of the low-level formations occur along the Aire valley,
and may be seen from the Midland Railway. They have been
briefly described by Green.1 The drift mounds on the floor of the
valley occur at intervals from between Steeton and Silsden, where
a few small hummocks occur at the level of about 300 feet, past
Bingley, where they form a band of gravel mounds across the
valley, above and below Saltaire, to about half-way between
Charlestown and Tong Park. The sections that I have seen in these
gravels are poor. Just W. of the first lock W. of Saltaire, north of
Wigglesworth's Engineering Works, the mounds consist of
tumultuous gravels with many sandstone boulders 9 in. and some
2 feet in diameter. Some of the smaller bould ers are of Carboniferous
limestone. Pebbles of black chert are abundant. The constituents
of the gravels are well rounded ; a few of the boulders show faceted
surfaces as if they had been glaciated, but I saw no strise on them,
nor evidence of transverse banding, The uppermost layer is crowded
with boulders and large pebbles, probably by the removal of the
lighter constituents during denudation.

Further down the Aire Valley a bank of fluvioglacial gravel, but
with the pebbles more rolled and water-worn than those opposite
Wigglesworth's, occurs on the N. side of the main road from Charles-
town to Tong Park and just W. of a by-road going S. across the
valley to Thackley. The bank projects as if it were the remains
of a barrier across the valley. The gravel is exposed in a pit on the
E. side of that by-road ; the pebbles are mainly of Carboniferous
sandstones and limestones.

Green applied the term esker to the Aire Valley mounds, while
recognizing that their shapes were due to denudation and that they
were the remnants of larger masses of gravel. Green suggested
that they were formed as terminal moraines in which the material
had been shot into water, therein spread out as bedded gravel,
and subsequently denuded into mounds.2 This explanation seems
consistent with all the available evidence. As they were water-
deposited and were not directly dumped from the ice, they are not
moraines ; they were formed at intervals along the valley as aqueous

1 Geol. Yorks. Coalfield, 187S, pp. 775, 779, and 782 ; Man. Geol. Sun:,
92 S.E., 1879, p. 12.

- Carvill Lewis has doubtfully referred to the mounds at Bingley as part
of his terminal moraine, which he also suggests was possibly at Skipton
(op. cit., pp. 193, 239.)
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deposits near the margin of a retreating glacier, and may therefore
be regarded as fluvioglacial kames.

2. Reported High Level Eskers—the Lanshaw Delves.—Of the
high-level " eskers " of this part of Yorkshire, the most often
mentioned has been the Lanshaw Delves, which is situated on the
N.E. slope of Rombald's Moor, H miles S.S.E. from Ilkley, at the
level of about 1,180-1,200 feet on"the S. side of the Wharfe Valley.
It is a bank about 650 yards long, 25 yards wide at the W. end,
and 50 yards wide at the E. end ; the height is 8 feet at the W.,
and 15 feet at the E. end ; the trend is a little S. of E. ; the S.
front is the straighter and higher. The summit of the Delves is
irregular and hummocky, the depressions sometimes giving it the
character of a triple ridge. It has been referred to as a high level
esker by Green.1 Carvill Lewis has given the best account of it.2

He described it as moraine, and regarded it as part of a long lateral
moraine. It consists of sandy loam, with many angular blocks .of
Millstone Grit similar to those strewn over the adjacent moor.
Some of the boulders are 4 feet in diameter ; many are 2 feet long.
They are irregular in shape, and none shows glaciated forms or striae.
The smaller pebbles include vein quartz, and jagged fragments of
black chert ; and all of these may have been derived from the
Millstone Grit. A few well-rounded cobbles may have been derived
from a local stream. The occurrence of angular flakes of grit,
some of them many square inches in area and a qaarter of an inch
thick, show that the material was not transported by rivers or these
pieces must have been broken. The boulders are sometimes crowded
in piles, but they show no arrangement in bands across the Delves.
The bank shows no signs of formation as an ordinary aqueous or
fluvioglacial deposit. It is a morainic bank formed along the
margin of a sheet of snow and ice that filled the depression in
which lies Lanshaw Dam. The moor rises to the height of 1,320
further W., and to 1,250 feet at 800 yards S. of the Delves. The
depression between the summit and the Delves faced N.E. and was
probably filled with a sheet of snow and ice. The local blocks of
Millstone Grit were carried to its edge, but the movement was
insufficient to give them glaciated forms or striae. The Delves
are the remains of a moraine on the margin of an embryo corrie
glacier.

According to Green the Delves can be traced for three miles
across the moor. Some coarse gravel occurs further E., a little
S. of the farm known as Gaping Goose on Hawkshaw Moor ; but
I saw no evidence of its continuity with the Delves. Carvill Lewis
(op. cit., p. 243) records information from some shepherds about
structures known as the " Great and Little Skirtfull of Stones " and
'" Long Ridging '"', which he suggested might be similar in origin.

1 Geol. Yorks. Coalfield, 1878, p. 779 ; Mem. Geol. Sun:, 92 S.E., 1879, p. 12.
2 Loc. cit., 1894, pp. 34, 243. It has been identified as a prehistoric

earthwork.
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The high-level eskers S. of Ilkley are said in the Survey Memoir 1

to rest partly on boulder clay, but I saw nothing to confirm this
statement regarding the Lanshaw Delves or any erratics, boulder
clay or other trace on the moor of any general glaciation of the
district. The surface is littered with blocks of grit formed by
weathering in sita. Even at the level of about 600 feet in a quarry
at Eldwick, on the southern side of the moor, the deep decomposition
of the sandstones indicates that there had been no glaciation at
that locality. My observations agree with the generally accepted
view that the hills in this district have not been covered by a general
ice sheet, and that the only extraneous ice in this part of the Aire
valley lay on its floor.

3. Eskers in N. Yorkshire and near York.—The interval between
the Bingley Kames and those of S. Durham is partially filled by
a few recorded esker formations including the " Roman Ridge "
ntjar Lendrick Farm, W. of Ripon, which trends N.W.-S.E.2;
Cowper Reed3 refers to it as "an esker-like ridge".

The formation in Yorkshire which, judging from the drift maps,
appears the most osar-like is a band of sand and gravel that extends
from York S. to Escrick, and has been identified as an esker by
Professor Kendall.4 Two curved bands of glacial sands and gravels
occur in this part of Yorkshire. The northern band (Sh. 93, X.E.)
passes through York N.E. to Helmsley and then N. and N.W. past
Sheriff Hutton and Whenby. It has been described as the York
moraine. A second curved band of boulder clay capped in places
by sand and gravel is marked on the Geol. Survey map (Sh. 93, S.E.)
passing 5 miles S. of York through Catton to Escrick and Stillingfleet
(35 feet). It has been described by Professor P. F. Kendall3 as
a southern but probably younger moraine. Dr. Cowper Reed °
refers to these bands as having been " considered by some geologists "
as moraines. Professor Bonney7 has discussed that view and
rejected it.

On the view that the formations at York and Escrick are moraines,
the position of the connecting band through Fulford to Escrick is
suggestively osar-like. The intimate structure of the glacial drifts
at York is described in the memoirs by J. F. Clark N who favours
their deposition by floating ice, and Fox Strangways.9 H. F.
Parsons10 has described sections in the Escrick drift. Otherwise
the published information deals rather with the distribution of the
•drifts than with their composition and structure. 1 have recently

1 92 S.E., 1879, p. 12.
2 Mem. Geol. Surv., 96 N.W. and S.W., 1886, p. 55.
3 Geol. Jtiv. E. Yorkshire, 1901, p. 17.
1 Proc. York*. Geol. and P. Soc, xii, 1893, p. 311
5 Ibid.
6 Geol. Rivers, E. Yorks., 1901, p. 17.
7 Presid. AMr. Brit. Assoc, Rep. Brit. Assoc. 1910, p. 26.
8 Proc. Yorks. Geol. and Poly. Soc, N.8., vii, pp. 421-39, pi. xxiii.
9 Mem. Geol. Surv., 93 N.E., 1884, pp. 28-30.

10 Proc. Yorks. Geol. and Poly. Soc., vi, 1878, pp. 214-38.
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revisited the district to reconsider the impressions of previous
visits.

The main road from York to Selby traverses the Fulford-Escrick
band. The pits show gravel with waterworn boulders of
Carboniferous rocks and pebbles of vein quartz, black chert, purple
quartzite, and some green felspar-porphyry similar to that of the
Lake District. Some of the boulders show flattened surfaces, but
I saw none with glacial striae. The gravel shows no osar-like cross
banding. The freshest section seen on my last visit exposed six feet
of horizontally bedded sands, interbedded with four layers of
gravel. In some of the pits the predominant constituent is sand.

The material is typical fiuvioglacial sand and gravel ; it is
part of a thin sheet and does not form a conspicuous ridge. The
slopes are very gentle. Thus the road from Deighton Grove
towards Wheldrake starts at the height of 35 feet O.D. ; and the
variations from that level recorded by the 6 in. map are as follows :
At 700 feet + 3 feet; at 2,800 feet + 6 feet; at 5,600 feet, at Pool
Bridge, — 9 feet; the road rises from this stream to — 2 feet. West
of the York-Escrick road the land sinks in a gradual slope to the
Ouse, which there flows at the level of 26 feet O.D., so that tbe
descent is only from 10 to 20 feet. There seems accordingly no
evidence either from internal structure or surface relief to refer
the Fulford-Escrick band to the class of osar. It is one of several
remnants of a sheet of gravel, the widespread range of which is
indicated by the patches at Naburn and elsewhere, and by those
marked on the Geological Survey drift maps by blue dots.

The band of sand, gravel, and boulder clay between Escrick
and Wheldrake, which has been identified as the outer moraine,
though somewhat more conspicuous than that from Fulford to
Escrick, is a low, broad rise. Its height is about 30 feet above
the adjacent plain ; its slopes are gentle and it shows neither the
humpiness characteristic of moraines, nor the steep sides of
kames. I saw on it no large erratics. It appears to be a rise
left by denudation. This view agrees with that of Professor Bonney,
who, in his Presidential Address to the British Association (Rep.
Brit. Assoc, 1910, p. 26), concludes that " the so-called moraines
near York . . . do not, in my opinion, show any important difference
in outline from ordinary .hills of sands and gravels, and their
materials are wholly unlike those of any indubitable moraines
that I have either seen or studied in photographs ".

The bands of gravel between Fulford and Escrick and between
Escrick and Wheldrake do not belong to the category of kames or
osar.

4. E. and S.E. Yorkshire.—An " esker-like " ridge, resting on the
Upper Boulder Clay in Stanghow Moor, Eskdale,1 occurs on the
flanks of the Cleveland Hills. Better developed eskers have been

1 Mem, Geol. Surv., 104 S.W., S.E., 1888, p. 67.
VOL. LIX.—NO. I. 3
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described in Holderness.1 The best-known example is at Brandes-
burton, E. of Beverley, and outside of Carvill Lewis' line of
E. Yorkshire terminal moraine. It contains marine shells. The
course and form of this ridge is well shown on the 6 in. map, Yorks,
East Biding, 196 N.E. It is about 2 miles long, and includes
Barfl Hill, Coneygarth Hill, and Gildholm Hill. I have not visited
it ; but its position suggests its origin as a kame marginal to the
North Sea ice. A more detailed account of this formation is
desirable.

IV. LINCOLNSHIRE.

Eskers have been described by Sir A. Strahan at two localities
in E. Lincolnshire.2 Near Binbrook Walk House, 6 miles N.W. of
Louth, are three patches of gravel, which in one pit is cemented to
conglomerate and breccia, in another it occurs as loose stratified
gravel, mainly of rolled flints; the deposit occurs in a Chalk valley.

The other esker is S. of Panton Railway Station, 12 miles E.N.E.
of Lincoln. According to Sir A. Strahan, its gravels are probably
older than the Chalky Boulder Clay, and it formed a ridge trending
N. and S., which has been cut through by the stream that flows
from Market Stainton to Wragby.

The part of the ridge S. of the stream is the largest; it has,
when seen from the W., a flat-topped sky-line. The material is
exposed in a pit 20 feet deep and about 15 acres in area. Erratics,
one of coarse grit 3 by 2|- by \\ feet, occur on the road which crosses
the S. end of the ridge. The section at the N.W. end of the pit
shows at the top contorted flint gravel with pockets of sand and
loam ; below this layer is sand ; at the bottom is a flint gravel
with a loamy base and cobbles of porphyritic basalt and cherty
grit. At the S. end of the pit the lowest bed is a white sand. The
sides of the pit show great variations in the structure of the beds ;
but the main bedding is horizontal, not inclined, and the succession
of the layers is not periodic. The succession is from white sands
at the base, through gravel with a loamy base, and bedded loams,
to contorted gravel and sand at the top. This represents a marked
change in the conditions of the deposit, but I saw no indications
of the seasonal banding or of the regular repetition of sequence
characteristic of osar. This " esker " is a dissected fluvioglacial
kame which was probably formed as interglacial gravel by wash
from ice to the E.

V. NORFOLK.

1. Gravel Mounds of S.W. Norfolk.—In Norfolk are widespread
glacial gravels, some of which have been described as eskers, as by
Mr. T. V. Holmes (GEOL. MAG., 1883, p. 441), who, however, uses the
term also for non-glacial deposits as he applies it to gravels in the
tropical coasts of Peru. The term " esker " was apparently first

1 J. Phillips, Rivers, etc., Yorks., 1853, p. 124; Mem. Geol. Sun:, 93 S.E.,
1886, p. 33 ; Oeal. Holderness, 1885, pp. 51-3.

2 Mem. Geol. Surv., 83, 1888, pp. 124-5.
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suggested in Norfolk * for a curved series of mounds at Congham
Common, W. of Great Massingham, 8 miles E.N.E. of King's Lynn.
Approaching the Congham mounds from the W., they at first appear
esker-like. The main gravel pit shows the following section : Soil,
crowded with angular flints with many frost-flakes, some of which
have been " eolithically " chipped by a soil-cap movement; sand
with subangular flints, flakes of flint, occasional round sandstone
boulders, the largest 16 inches in diameter, and pebbles of carstone
(probably derived from the N.W.).

I saw no striated stone. The most striking feature of this
material is its angularity. The deposit lies in a typical dry Chalk
valley, and is the remains of a sheet that once covered the floor
and was formed by wash from the Chalk downs on both sides.
Subsequently the valley has been deepened by cutting into this
gravel, and the sinuous front due to this denudation has produced
the esker-like aspect.

In the next valley to the south, about 1 | miles S.S.W. of Great
Massmgham, are two wooded banks of sand and gravel, a little
above the floor of the valley. They are doubtless the remnant of
a bed of gravel most of which has been removed in the deepening
of the valley.

Mr. Whitaker 2 has described the Bartholomew Hills, 2 | miles
N. of Swaffham, as esker-like and also other patches of gravels,
including those W. of Massmgham and on Griinston Heath further
north. They have been described by Whitaker from notes by
C. E. Hawkins and H. B. Woodward.3 I have visited some of the
occurrences, which from the map and descriptions seemed most
esker-like ; they appear to be remains of a widespread sheet of
gravel, and to owe their occasional linear arrangement to the
accidents of denudation.

2. Hunstanton.—Mr. Harmer has referred i to the striking absence
of esker formations from East Anglia. The one exception that he
admits is the " Hunstanton Esker ", which is locally known as the
Ringstead sand-hills. It is situated in a tributary to a dry Chalk
valley, known as Ringstead Downs, about half a mile W. of Ringstead
St. Peter, and about ]§ miles E.S.E. of Hunstanton Railway Station.
It has been described by Whitaker 5 and by Holmes 6 as an esker ;
but it has been interpreted by Carvill Lewis 7 as a beach deposit.
The sands in it contain numerous fragments of marine shells including
Mytilus. The base of this esker is at the level of about 50 feet O.D. ;
the best section is in a pit at its southern end. The uppermost

1 Cf. Proe. Norwich Ge.ol. Soc., i, 1884, p. 272 ; Mem. Geol. Surv., 65, 1893,
p. 79.

2 Mem Geol. Surv., 65, p. 75.
3 Mem. Geol. Surv., 65, 1893, pp. 75-9.
4 Geol. in Field, p. 173.
5 Proc. Geol. Assoc, 1883, riii, p. 135; Mem. Geol. Surv., 69, 1899, p. 88.
6 GEOL. MAG., 18S3, p. 441.
7 Glac. Geol. Gl. Brit., pp. 340-1.
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bed is a surface wash of angular broken flints; this rests on shell-
bearing sands, or on boulder clay, which is sometimes in disturbed
patches, but at the southern end of the pit occurs as a sheet 2 feet
thick, resting upon an irregularly denuded surface of the sand. The
foreign rocks in this boulder clay show that it belongs to the North
Sea Drift. The bedded shelly sands were therefore deposited in a
depression earlier than the North Sea Drift; and that the present
form of the sand hills is due to denudation later than that Drift is
shown by the angular flint gravel which caps them and which was
formed as a wash down the sides of the valley. When this gravel
was formed a continuous slope must have extended from the Chalk
slopes to the summit of the ridge. Some outliers of the sands to
the S.W. of the ridge support the conclusion that its form is due to
denudation.

3. The Blakeney Doivns.—The most esker-like formation which
I have seen in East Anglia is that known as the Blakeney Downs,
a sinuous bank of sand and gravel which lies on the high ground
(80-150 feet above O.D.) to the W. and S.W. of Blakeney. Its
course has been described by Holmes * and H. B. Woodward.2

The structure is clearly shown in a series of extensive sections.
The redeposition of some of the material has in places given rise to
a dip parallel to the slopes. The most instructive sections are on
the S.E. side of the road going S.W. from Blakeney. The surface
layer is usually a residual bed, a foot or two thick, composed of
closely packed flints. Beneath this layer is false-bedded fluvio-
glacial gravel ; this rests on the eroded surface of a lower series
of similar gravels and bedded sands. The sides of this pit show
the longitudinal variations in the deposits ; but in spite of the
clear and numerous sections alopg the ridge I saw no evidence of
osar-like cross banding. The sections show that the original bedding
of the fluvioglacial beds has been abruptly cut off on the margin
by later denudation, and that on this worn surface was deposited
a sheet of boulder clay, which, at the N.W. corner of the main pit,
rests upon 12 feet of marl formed of redeposited Chalk and belonging
to the North Sea Drift.

Isolated from the main ridge by level tracts of boulder clay are
mounds of sands and gravel, such as Joe's Hill. Similar gravels
are extensively developed on the opposite side of the River Glaven,
E. of Wiverton, where they are shown in large pits.

The Blakeney " esker " is either part of a wide sheet of fluvio-
glacial gravel, or of a kame formed before or during the deposition
of the North Sea Drift; it contains biotite-gneiss and other rocks
characteristic of that drift; bat the boulder clay of that drift rests
on an irregular eroded surface of the kame gravels. It may be
residual from a widespread sheet of sand and gravel, or a denuded

1 GEOL. MAG., 1883, p. 441.
2 Mem. Geol. Sun., 68 S.W. and N.W., 1884, pp. 34, 35, 37 ; Geol. Engl.

and Wales, 1887, p. 510 ; Proc. Norw. Geol. Soc., i, pt. 8, 1884, p. 266.
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kame formed near the margin of the ice which deposited the North
Sea Drift.

4. Cromer.—The Lighthouse Hill at Cromer has been mentioned
by Mr. T. V. Holmes as resembling an esker, but he explains it, and
the Beeston Hills to the W. of Cromer, as " hills of circumdenuda-
tion " x. The Lighthouse Hills are sand-dunes resting on con-
torted drift.

VI. CUMBERLAND—N. LANCASHIRE.

The N. and W. Margin of the Lakes.—Kames and eskers have
been described from N. Cumberland around Carlisle ; they may be
conveniently considered in connexion with the extensive series
on the Scottish side of the Solway. Those near Carlisle have been
described by T. V. Holmes 2 and J. G. Goodchild.3 On the W.
side of the Lake District, A. H. Green 4 described as eskers the gravel
mounds in lower Ennerdale and explained them as tidal deposits ;
they occur where a kame might be formed along the sea front of
the Ennerdale glacier.

2. The Valleys of the Lake District.—In the valleys of Cumberland
and Westmorland numerous mounds have been described as eskers,
e.g. at the mouth of Garsdale, N. of Fell Yeat,5 in Milburn
Beck, N. of Knock Pike, and Cosca Hill, E. of Knock Gill,6 near
Staveley and Kendal (J mile S. of Loundes), and at Blea Beck Old
Bridge, Shap Wells.7 Professor J. E. Marr 8 has mentioned several
and remarks their origin in various ways. Most of these formations
seem to be due to the denudation of beds of post-glacial, or, as
suggested in the Mem. Geol. Surv. for the ridge at Fell Yeat, of
interglacial gravel. None of those mentioned which I have seen,
or others of the same kind, appear to be either osar or kames.

3. The Carnforth Gravels and Kames.—The Carnforth gravels are
of historic interest, as they were referred to by Buckland 9 as morainic
in bis classic paper on the British glacial deposits. Subsequently
they have been referred to by Mackintosh.10 The range of the S.
part of the sheet of sands and gravels to which they belong is given
on the Geol. Surv. Map, Drift Ed., 91 N.E. ; but little definite
information has been published regarding them. Professor Marr
has kindly lent me the 6 in. maps of the area with many of his notes
thereon, which were of much use in my visit. The gravels are seen
from the L. & N.W. Railway at Carnforth Station, around which
the best sections occur. Hawes Hill Pit, S. of the station and E. of

1 GEOL. MAO., 1883, p. 441.
2 GEOL. MAO., 1883, pp. 439-40 ; Mem. Geol. Surv., Carlisle, 1899, pp. 45-7.
3 Q.J.G.S., xxi, 1875, pp. 91, 92.
1 Otology, 1876, pp. 470-1.
5 Mem.'Oeol. Surv., 97 N.W., p. 188.
6 Mem. Geol. Surv., 102 S.W., p. 98.
7 Mem. Geol. Surv., 98 N.E., 1888, pp. 42, 45.
8 Geol. Lake District, 1916, pp. 179-80.
9 Proc. Geol. Soc, iii, 1841, p. 347.

10 Q.J.G.S., xxix. 1873, p. 354.
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the railway, has an esker-like aspect at the S. end of the pit, as it
has an arch bedding ; but this structure is not due to deposition
but to later movements. The core of this arch consists of a flat-
topped block of gravel capped by laminated loam ; above this
loam is coarse gravel which sinks at each end of the section below
a higher layer of the bedded loam. The former continuations of
the bed capping the core has sunk, as would have happened if they
had rested on imbedded masses of ice which had melted away ; on
the E. side the loam is bent down and is thinner, having been pulled
out by the subsidence ; on the W. side the layer of loam has been
broken and the coarse gravels above rest through the breach directly
on the core. The N. face of the pit, about 20 feet high, shows the
typical gravels of Hawes Hill, which consist of an irregular succession
of bedded sands and gravels ; the main bedding is there horizontal
with a slight general dip to the W. ; the lower part of the section
consists of coarse gravels with a dip to the W. ; above are lenticular
and irregular beds of sand and gravel, which are much false-bedded
and show repeated contemporaneous erosion. The upper part
consists of loams and gravels, and the horizontality of their main
bedding is shown by three layers of loam which extend across the
section with only a very slight dip to the W. Sections at right
angles to this face show that the main bedding in the direction
N. and S. is also nearly horizontal.

At the N.W. corner of Hawes Hill the upper layer is crowded
with large boulders doubtless collected by the washing away of
the finer constituents.

At the Locomotive Works W. of the railway, in a projection N.
of the main shunting yards, the beds dip to the E. In the W. side
of this section is a fault with a downthrow to the W. of 3-i- feet.
The beds consist of a succession of torrential gravels, and of fine
gravels, sand, and loam. At the base is a bed of coarse gravel
dipping E. ; above it is a layer composed of three beds dipping
more steeply to the E. ; at the W. end is a wedge-shaped mass
of fine gravel and sand ; this is flanked to the E. by bouldery
drift, which is in turn succeeded by brown sandy loam. These
three beds are cut ofl above by a denuded surface, on which was
laid a sheet of bedded sand and gravel, that is covered at the S.
end by a bouldery wash. The dip of these beds to the E. and that
at Hawes Hill to the W. indicates that the beds were deposited on
the banks of a valley through which the Keer once discharged S.
past Bolton-ie-Sands. The drumlin known as Hunting Hill (150 feet
high), which rises W. of the Locomotive Works, is part of the western
bank of this old valley.

The gravel pits at Carnforth Bridge, which were probably those
seen by Buckland, are now mostly overgrown ; but a new section
on the S. bank of the canal, 600 yards E.N.E. of the bridge, shows
gravel at the base overlain by bedded sands, into which irregular
channels have been cut and filled by coarse bouldery wash ; at the
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W. end of the section a vertical cliff had been cut into the lower
gravel and sands, and coarse gravel dumped against the cliff, the
bedding being almost vertical at the cliff face.

The Oarnforth gravels are typical fluvioglacial deposits, laid
down by torrential streams; I saw no striated boulders or con-
tortions like those in drifts disturbed by ice ; but there are faults
such as have often been attributed to the melting of blocks of ice
or frozen sand. Most of the boulders are of Carboniferous lime-
stone, with an assortment of rocks from the N. ; and this mixture
of materials which were brought to the neighbourhood by ice justifies
Buckland's description of the gravels as " detritus of moraines ".

The arrangement of the gravels is not osar-like ; the irregularity
of the deposits is due to frequent contemporaneous erosion and to
deposition by streams varying frequently both in strength and
direction. There is no sign of regular seasonal banding.

The surface of the Carnforth gravels forms mounds with a few
secondary ridge-like forms ; but they seem due to erosion.
According to the Geol. Survey Map (Sh. 91 N.E., Drift) the gravels
extend S.E. past Thwaites House and end there abruptly on an
E.W. line ; the hills which rise to 208 feet, from about 160 feet, are
shown by the map as part of the sands and gravels, but they appear
to be drumlins of sandy boulder clay ; the Carnforth gravels lay
at a lower level, not rising above about 70 feet.

The boulders from the Lake District suggest the derivation of
the Carnforth gravels from the N. down the valley followed by the
road from Carnforth to Milnthorpe. Some of the hills near Burton-
in-Lonsdale (4 miles N". of Carnforth) appeared from the railway
to be kame-like ; but those visited are of boulder clay with numerous
striated boulders, as on the S. side of the wide " moss " S.W. of
Burton Station. The furthest N. at which I have seen the Carnforth
fluvioglacial gravels is on the W. side of the Milnthorpe road, S. of
Yealand Conyers, § mile N. of its junction with the Burton Road.
The gravels there are coarse and cemented ; they were clearly
derived from boulder clay and deposited on the valley floor.
Further S. the gravels spread out as a wide sheet and are worked
in a shallow pit, X. of the Keer bridge ; the bed is a typical fluvio-
glacial false-bedded sandy gravel with pockets of loam, such as
is laid down on the flood plain of a rapid, shifting river. These
deposits indicate that one source of the Carnforth gravels was a
river coming down the valley from Burton and Kendal. Another
contribution was received through the Keer valley from the N.E.,
past Kellet Bridge.

4. The Kellel Bridge Kames.—The best-developed ridges of
glacial drifts near Carnforth are near Kellet Bridge, about 2 miles
E.N.E. of Carnforth Bridge and at the level of 50 feet O.D. My
attention was kindly called to them by Professor Marr. They
consist of a double series of low ridges usually about 15 feet high.
They are in places so regular and look so artificial that the farmer on



40 Professor J. W. Gregory—The English " Eslcers ".

whose land some of them occur explained them as " made for
fighting ". The southernmost of the series is cut through by the
railway just N. of Kellet Bridge ; it follows the railway as a sinuous
and in places wooded ridge, 15 feet high ; there is no clear section,
but the abundance of boulders is proved by the occurrence of thirty
in one group S.E. of Alpha House. The nature of the material
exposed on the surface and thrown out from rabbit burrows is
glacieluvial.

The close association of these formations with ice is shown by
an excellent section through one ridge in a gravel pit N. of the
High Keer Bridge on the road from Kellet to Burton. This section
is 15 feet high, and it shows three layers ; the lowest, exposed on
the E. side, is gravel with a base of brown loam ; above this is a bed
crowded with large well-washed boulders (up to 3 feet in diameter);
this boulder bed is covered by gravel. This section may be explained
by the deposition first of a low bed of gravel in front of a glacier;
a re-advance of the ice led to the deposition of the large boulders,
which were covered by gravel when the ice again retreated. The
Kellet Bridge ridges are not osar, as they show neither seasonal
banding or fluvioglacial action. They are glacieluvial kames
deposited along the edge of ice which apparently came from the
N.E., and spread over the low ground of the Keer valley and ended
on its S. slope.

VII. ISLE OF MAN.

Opposite Carnforth at the N. end of the Isle of Man a line of
high kames known as the Bride Hills, trends E. and W. across
the island. They have been described by Lamplugh.1

VIII. S.W. LANCASHIRE AND CHESHIRE.

A mound of " esker drift" at Pickering Castle, N.E. of Chorley,
has been mentioned by de Ranee.2 The sand ridges on the Cheshire
plain at Beeston and near Delamere, have been regarded as eskers.3

From the account by G. H. Morton 4 these beds belong to the
" Middle Glacial ", and he describes them as having evidently
originated as sand-banks. Those which I have seen are residual
banks left by the denudation of the interglacial sands.

IX. THE MIDLANDS.

A number of especially interesting " eskers " have been described
from the western Midlands. Professor Boulton 5 has published an
instructive account of an example near Kingswinford which extends
for 4 miles on a N.N.W. course, and passes 1 mile N.W. of Stour-
bridge. Professor Boulton describes the beds as contorted and as

1 Oeol. I. of Man, 1903, pp. 353-8.
2 Mem. Oeol. Surv., S.W'. Lancashire, 1877, p. 44.
3 H. B. Woodward, Geol. England and Wales, p. 490 ; Strahan, Mem. Geol.

Surv., 80 S.W., 1882, p. 17.
1 Geol. Country around Liverpool, 1897, pp. 209-10.
5 Proc. Birmingham Nat. Hist. Soc, xiv, 1916, pp. 25-35, pi. v, vi.
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faulted by the melting of included ice, and as containing " beautifully
laminated " mud. He describes it as built up of a series of semi-
cones deposited by a sub-glacial river, which came from the N. and
discharged into a sheet of water near the ice margin (ibid., p. 30, 33).
Transverse to the main ridge are several kames (ibid., p. 32). The
level of this formation is from 200-75 feet above sea level. The
valley in which it lies was preglacial (ibid., p. 35).

Professor Boulton's account of this formation gives the first
proof of English osar. Mr. E. E. L. Dixon has kindly informed
me of some branching gravel ridges which he is investigating at
Newport, Shropshire, and of which he will publish a description
shortly. He describes the series as branching and each branch
as becoming alternately wider and narrower ; and this moniliform
character combined with other features indicates that these
formations are also osar. Professor Boulton tells me that they
belong to the same series as that of Kmgswinford.

Midland eskers have been recorded from the Longmynd, where
they are said to occur to the height of 900 feet on the N.E. flank ;
N.W. of Buildwas and Strethill x ; near Oswestry, as A. C. Nicholson 2

has called the Gloppa shell beds " a ridge of eskers " 1,000 yards
long ; and irregularities like esker mounds rise from beneath the
" unbedded drift" (interglacial) near Four Oaks, 6 miles S. of
Lichfield, and near Hopwas, W.N.W. of Tamworth.3 I have not
visited these formations except at Gloppa, which on my visit was
enveloped in so thick a mist that I could see practically nothing
of the field relations of the shell-bearing sands.

The Midland records relate to localities in the area containing
morainic drift. To the S. and E. of that area there are no kames ;
for example, the gravels of the Malvern district, according to
J. Gray,4 are preglacial.

X. WELSH ESKERS.

1. N. Wales.—On the mainland of N. Wales the best-known
formations referred to as eskers are in Flintshire around Mold.
Some curvilinear banks of shell-bearing sand and gravel were there
described by Mackintosh 5 as " sand-eskers ". He recorded them
to heights of 800 feet above sea level near Brynford, and of 950 feet
at Moel-y-Crio. They and other examples have been also described
by Sir Aubrey Strahan,6 who refers to numerous eskers and describes
(op. cit., p. 139) that at the height of 982 feet on Moel-y-Crio, S.W.
of Halkin, as " the most conspicuous in all this part of Wales ".
It contains shell fragments. Most of these eskers are at low levels
along the valleys, such as Bailey Hill in Mold ; at Hartsheath in

1 Geol. Assoc, Geol. in Field, pp. 764-5.
2 Q.J.G.S., xlviii, 1892, p. 86.
3 Mem. Geol. Surv., 154, 1919, p. 179.
4 Proc. Birmingham Nat. Hist. Soc, xiii, 1914, p. 17.
5 Proc. Geol. Soc. Liverpool, iv, 1883, p. 361.
6 Mem. Geol. Surv., 79 S.E., 1890, pp. 130, 13], 135, 137, 139, 142.
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the Alyn valley, S.E. of Mold, where two eskers rise through the
alluvium, the most esker-like occurring between two tributaries
to the Alyn ; at Maes-y-groes in the upper Alyn Valley, about
3 miles W. by N. from Mold ; and at Sarn Mill and at Groessffordd,
in the valley of the Chwyler. The low level eskers appear to be all
denuded remnants of a sheet of sand and gravel interstratified
between two boulder clays. They are usually ridge-like because
they are due to denudation along the valleys, ft is worthy of notice
that these gravels are near the line marked by Sir A. Strahan as
the margin of the North Welsh ice.

2. Anglesey.—Mr. Greenly has described a series of " eskers " in
Anglesey.1 From his account they appear to be fi uvioglacial in
origin, and to be restricted to low levels on the margins of the island,
ranging in level from 100-239 feet.

3. Central Wales.—A ridge 120 feet high of stratified false-
bedded glacial gravel, sand, and clay across the Ystwyth Valley, at
Llanrhystyd Road Station, S.E. of Aberystwyth, has been described
as an esker by W. Keeping.2 He refers to its aspect as like that of
moraines, but says " its structure is totally different ". The pebbles
are " so little waterworn " that they retain glacial striae and are
subangular. It appears to be part of a bar deposited on the front
of the ice sheet that descended the Ystwyth valley ; as seen from the
railway, which exhibits a good section through it, the formation is
kame-like in aspect; Keeping's excellent account of this formation
indicates that it is a glacieluvial kame, formed, as he remarks, where
the Ystwyth valley opens out to a plain near the sea.

4. S. Wales.—Sir A. Strahan has described some of the gravel hills
near Abergavenny and Newport as eskers.3 They appear to be
residual hills due to the denudation of the great sheet of fluvio-
glacial gravel which was deposited in the Usk Valley along the
S.E. edge of the S. Wales glaciers.

XI. THE DISTRIBUTION AND CLASSIFICATION OF THE ENGLISH
KAMES, ESKERS, AND OSAR.

From the evidence in the foregoing summary the English " eskers "
may be classified as follows :—
Osar : Kingswinford and Newport, Salop.
Kames :—

Fluvioglacial: Bingley; Panton ; Blakeney; Anglesey;
S. E. Northumberland.

Glacieluvial: Lucker ; Elsdon ; Kellet Bridge, near Carnforth ;
Llanrhystyd.

Residual : Wark ; Bowmont Water ; W. Durham ; Durham
City ; Hunstanton ; Usk Valley.

1 Mem. Geol. Surv., Anglesey, 1919, vol. ii, pp. 706, 725, 730, 741, 749-50,
759, 762.

2 GEOL. MAG., 1878, p. 541 ; 1882, p. 256.
3 Mem. Geol. Sun:, S.W. Coalfield, ii, 1900, pp. 89-90 ; Newport, 249, 1S99,

pp. 81-2.
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The only known osar are those of Kingswinford and Newport
(Salop). Kames are numerous, and may be grouped into three
geographical series. The eastern series includes those formed along
the margin of the Cheviot ice in Northumberland and Durham, and
further S. the kames of Brandesburton, E. Lincolnshire, and
Blakeney, which were probably deposited along the W. margin of
the North Sea ice. The second series occurs along the probable
E. margin of the ice sheets that flowed from the mountains of
Wales and N. England ; it includes the Roman Ridge near Ripon,
the kames of the Aire Valley near Bingley, of E. Cheshire, those near
Lichfield, and the mounds of the Monmouthshire Usk on the E.
margin of the S. Wales ice. The third series lies along the former
W. edge of the English ice sheet and was deposited at intervals during
its retreat; this series includes the kames of the Solway; Ennerdale ;
near Carnforth (though the Kellet Bridge kames were formed along
the S.E. margin of a lobe of this ice) ; in the Isle of Man ; Anglesey ;
and near Aberystwyth. The kames are not all of the same age ;
some, e.g. those at Kellet Bridge and of the coast of Northumberland,
belong to the last glaciation ; while others, e.g. those in E. Lincoln,
Hunstanton, and Blakeney, are interglacial, being overlain by boulder
-clays belonging to the North Sea Drift.

The kames and osar agree in being restricted to comparatively
low levels ; usually below 200 feet O.D., but those in E. Durham-
rise to 500 feet above sea level. The Lanshaw Delves are excluded
as a moraine and the shelly sands at Gloppa, Moel-y-Crio, etc., as
not true kames. This restriction of kames both in height and
horizontal range may be due to the deposits having been
accumulated in ridges instead of spread out in sheets, owing
to the ice having entered a sheet of water. This view has been
expressed by Green for the kames of Ennerdale and Airedale, by
Keeping for that near Aberystwyth, by Professor Boulton for
that of Kingswinford, and by Dr. Smythe for those of S.E.
Northumberland ; 1 and it is in accordance with the explanation
adopted for kame and osar formation in other countries,

The distribution of the kames and osar is shown on the sketch-
map, fig. I,2 upon which is also shown, modified in places, Carvill
Lewis' line marking the position of the terminal moraine, which,
according to him, marked the limit of the English land-ice. The
line requires modification, for Lewis' later observations showed that
the range of the land-ice was in places wider than he had at first
recognized, as around Birmingham, and was elsewhere less extensive,
as in N.E. Yorkshire. The kames are naturally not continuous all
along that line, for they are readily destroyed by denudation ;
and on the view that they were formed where the ice entered water,
they would not be found where the ice-front crossed what is now

1 Trans. N.H.S. Northumberland, iv, 1910, p. 111.
2 For help in this map I am indebted to Mr. M. A. Peacock.
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higher ground. The frequent occurrence of the kames near Carvill
Lewis' terminal moraine line is significant, and the absence of them
and of osar from S. Yorkshire and from most of the Midlands and
East Anglia supports other evidence that nearly all that country was
free from land-ice. If England had been covered by glaciers as
far S. as the Thames valley, it is strange that neither kames nor
osar have been found in the E. Midlands or anywhere S. of Mid-
Yorkshire, with the exception of occasional kames along the
W. and S. margins of the North Sea ice. The rarity of osar is
also significant, since if they were the casts of glacial rivers they
would be expected on the high ground as well as on the lowlands.


